Although increased anxiety and cortisol reactivity can disrupt neural activity and impact cognition, little research has evaluated associations between anxiety, cortisol, and performance on neuropsychological instruments. The current study investigated the relationship between exogenous salivary cortisol activity and self-report state anxiety on measures tapping a variety of cognitive domains. Fifty-eight male participants were randomly assigned to either a control (no stress induction) or an experimental condition simulating testing anxiety. Self-report state anxiety measures and saliva samples were jointly collected on three occasions. The experimental group generally performed worse than controls on declarative memory and working memory tests. Cortisol and self-report anxiety were not correlated. Inverse relationships were demonstrated between self-report anxiety and neuropsychological test scores. Baseline levels of cortisol at session arrival were positively associated with facilitative memory effects, though there was little association between changes in cortisol and cognitive performance. This study highlights the importance of considering the impact of anxiety during neuropsychological evaluations.
Introduction
A number of studies have explored relationships between cortisol, a glucocorticoid stress hormone, and self-report anxiety (Kalpakjian, Farrell, Albright, Chiodo, & Young, 2009; Kirschbaum, Bartussek, & Strasburger, 1992; Polk, Cohen, Doyle, Skoner, & Kirschbaum, 2005) . Despite the fact that anxiety and cortisol have been implicated in affecting cognition (Lee et al., 2007; McCormick, Lewis, Somley, & Kahan, 2007) , virtually no studies have directly examined potential associations between these factors and performance on neuropsychological measures. Such knowledge could enhance interpretations in both clinical and research contexts. Cortisol release varies by the extent and level of stressor and, in the short term, can alter synapses and dendrites, as well as inhibit neuronal metabolism and glucose transport, although these effects can be reversible (McEwen & Magarinos, 1997) . Although resting cortisol provides a general index of hypothalamus -pituitary adrenal axis activation, changes to cortisol production from stressors may be a more accurate measurement of stress reactivity (O'Leary et al., 2007) and would be expected to correlate more with measures sensitive to changes in anxiety rather than tonic levels of trait anxiety. Therefore, the current study was focused on cortisol reactivity and state anxiety in healthy individuals.
There is general consensus that cortisol fluctuations can negatively impact declarative memory, as the hippocampal region contains the greatest proliferation of corticosteroid receptors (Lupien & McEwen, 1997; McEwen & Sapolsky, 1995; Newcomer, Craft, Hershey, Askins, & Bardgett, 1994) . Although executive functioning measures have been less frequently utilized in cortisol research (McCormick et al., 2007; Wingenfeld, Wolf, Krieg, & Lautenbacher, 2011) , reactivity has been associated with impaired executive functioning, particularly working memory, as corticosteroid receptors are also seated in the prefrontal cortex (Lupien, Gillin, & Hauger, 1999; McAllister-Williams & Rugg, 2002; McCormick et al., 2007;  Archives of Clinical Neuropsychology 27 (2012) [318] [319] [320] [321] [322] [323] [324] [325] [326] [327] [328] # The Author 2012. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com. doi:10.1093/arclin/acs035 Advance Access publication on 22 March 2012 (n ¼ 1), were experiencing abnormally high stressors prior to the study evidenced through pre-screening (n ¼ 2), previously experienced loss of consciousness greater than 20 min (n ¼ 2), or had cortisol levels that were outliers (.3 SD above the mean; n ¼ 1). The final sample consisted of 58 male, college students recruited from a psychology subject pool through a midsized Midwestern University. Participants were randomly assigned to a stress induction condition (n ¼ 31) or a control condition (n ¼ 27). Ages ranged from 18 to 39, with an average age of 20.49 (SD ¼ 3.44) and an average education of 14.02 (SD ¼ 1.15). Ninety-two percent (n ¼ 54) of the sample was Caucasian, 3% (n ¼ 2) African American, 3% (n ¼ 2) Asian, and the remaining 2% indicated "others."
Materials
Salivary cortisol is considered a reliable and valid measure of unbound or free cortisol levels in plasma. Oral swabs (30 × 10 mm cylinder) and salivette storage tubes were purchased through Salimetrics and stored at room temperature prior to use. During collection, participants were instructed to place the swab under their tongue on the floor of the mouth for 1 -2 min. Swabs were placed in salivettes and within an hour after collection were stored in a lab freezer below 2208C. Three batches of samples were shipped in Styrofoam containers within 24 h to Salimetrics Corporation located in University Park, PA. Each shipment occurred within 1 or 2 months after collection. Samples were assayed for afternoon, non-awakening salivary cortisol levels using a highly sensitive enzyme immunoassay. Duplicate assays were conducted for reliability and results contain the averaged values. The intra-and interassay coefficients of variance were less than 10% and 15%, respectively. There were no duplicate tests that varied by more than 5%, which necessitated repeat testing.
The following measures within the respective domain were administered in the neuropsychological battery: Memory, California Verbal Learning Test-Second Edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000) ; Attention and inhibition, Color-Word Interference Test from the Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001) ; Working memory, Letter-Number Sequencing from the WAIS-IV (Weschler, 2008) and the PASAT (Gronwall & Sampson, 1974) ; Spatial rotation, Mental Rotations Test (MRT-A; Peters et al., 1995) ; State and trait anxiety, STAI (Spielberger, Gorsuch, & Lushene, 1972) ; Attention, motor speed, and set-shifting, Trail Making Tests (Reitan & Wolfson, 1985) . In addition, all participants were administered a debriefing questionnaire measuring on a scale from 1 to 10 (1 ¼ Not at all, 10 ¼ Very much), the extent to which they believed the explained purpose of the study. Testing order was not randomized, so stress could be equated between measures across subjects.
Procedure
Participants were instructed to abstain from heavy alcohol consumption the night before, as well as to refrain from the following activities for 2 h prior to testing: Ingesting a large meal, chewing gum, brushing teeth, exercising, smoking, or drinking punch, lemonade, or caffeinated beverages. Participants were screened for eligibility at the outset of the experimental session. Those who had not followed the aforementioned protocol were excluded from participation. Participants reporting a significant past or present psychiatric illness were also deemed ineligible, since mood disorders can alter cortisol levels (Holsboer, 2000; Young, Abelson, & Cameron, 2004) . Exclusionary criteria also included participants taking anabolic steroids, prescription medications, supplements known to alter cortisol levels (e.g., hydrocortisone creams, dehydroepiandrosterone supplements, use of inhalers), those experiencing abnormally high levels of life stress evidenced through STAI-Trait and/or cortisol levels .3 SD from the mean (i.e., death in family, recently served in Iraq), and individuals who were physically unhealthy at testing time. Lastly, due to cortisol levels being elevated and more variable in the morning (Susman, Dorn, Inoff-Germain, Nottelmann, & Chrousos, 1997) , scheduling of participants occurred in the afternoon hours between 12:00 and 5:00 p.m. Because sleep schedules and wake times could not be controlled for participants, and cortisol was not collected throughout the diurnal cycle, investigators focused on cortisol reactivity between baseline and subsequent collections during the testing battery.
Participants were randomly assigned in a between-group design to either a control (no stress induction) or an experimental (stress induction) condition. Testing was completed in one session lasting 90 min. The administration timing of the neuropsychological and anxiety measures was synchronized in both groups. After consent and eligibility screening, baseline time #1 saliva samples and the STAI-State self-report were collected. Participants also completed a background demographic questionnaire before receiving either a stress-inducing or a neutral oral script describing the study. Participants in the experimental condition were read the following script:
Time efficiency is important during neuropsychological evaluations to decrease patient fatigue and such, and the current study is testing a new method for increasing time efficiency. Your performance will dictate which sets of tests will be administered. The tests are constructed so that you will receive fewer problems if you are performing well in order to stream-line the evaluation process; however, if you have difficulty you will receive additional problems to identify specific deficits. Since I can't score the tests as I am administering them, there will be a Ph.D. level neuropsychologist and two graduate level clinical psychology students behind this one-way mirror who will be scoring the tests and evaluating your performance as we go along. Towards the end of the session, they will tell me how you have been performing, which will determine whether you receive more tests. Before we begin, I have to now leave and bring the neuropsychologist and graduate students to the room next door, so they can observe your performance. We wanted to wait so they won't have any judgmental biases of you as an individual, which could affect their scoring.
The control condition received the following neutral instructions used in Nagra and colleagues (2007): This study involves performing several tasks, such as solving some math problems, examining some pictures, repeating some digits and doing some motor tasks. We are testing some new tests to see how well they work. Therefore we are not concerned about your performance; so do not worry about whether you are doing well or not. Just relax, try to do your best, and follow the instructions provided to you.
Following the experimental script, the examiner exited the room to escort the fictitious judges behind the one-way mirror and returned after a few minutes to begin the neuropsychological battery. All participants were then administered an identical neuropsychological battery, both in measures and timing. The order and timing of the first portion of the neuropsychological battery beginning with the initial instructions was the following: Instructional procedures (0 min), Letter-Number Sequencing (5 min), MRT (10 min), STAI-State #2 and saliva sample #2 (20 min), CVLT-II (trials 1-5, list B, recall; 25 min), and the PASAT (35 min). The second anxiety measure sample was gathered 20 min following baseline collection, due to peak cortisol levels generally occurring 20-40 min following the onset of acute stressors in healthy individuals (Dickerson & Kemeny, 2004) .
The PASAT concluded 55 min after initial procedural instructions. The examiner then informed participants in the experimental condition they were to now consult with the judges behind the one-way mirror regarding their performance to determine whether more tests would be administered. The examiner then left the room for a few minutes and returned saying, "Your test scores indicate you had difficulty on the tasks, so we are going to administer more tests to identify specific deficits." Alternatively, following administration of the PASAT in the control condition, the examiner informed participants they realized a test that was to be later administered had been left in another room. This fictitious script was created to retain time consistency between conditions, and the examiner left the room for a few minutes and returned telling the participant the missing materials were obtained.
Participants in both conditions then received identical instructions and procedures for the remainder of the study. The second portion of the neuropsychological battery protocol order and time from the outset of instructional procedures was the following: CVLT-II recall and recognition (60 min), D-KEFS Color-Word Interference (65 min), Trails A and B (75 min), and STAI-State #3 and saliva sample #3 (80 min). The time #3 anxiety collection occurred 60 min following time #2 stress collection. Next, a debriefing questionnaire was administered, measuring on a scale from 1 to 10, the extent to which participants believed the explained purpose of the study. Participants were then verbally questioned what they believed the study was evaluating. Next, participants were debriefed regarding the true nature of the study and the rationale for the use of deception, and were given a list of psychological services in the event they felt distressed. Finally, the STAI-Trait measure was administered.
Statistical Analyses
All cognitive test raw scores were converted to z-scores. Analysis of variance (ANOVA) group analyses were conducted using the debriefing questionnaire ratings, cognitive tests, and cortisol and STAI-State data at each time point. Self-report STAI-State and STAI-Trait data were normally distributed and thus raw scores were analyzed. Due to excess kurtosis (.3) in the experimental group's time 2 cortisol sample (kurtosis ¼ 3.7), all cortisol data were log-transformed. Cortisol and STAI-State data were evaluated with repeated measures within and between subjects over the three time gatherings. Post hoc analyses between groups were conducted with the STAI-State and cortisol levels at each time point. Pearson's correlation analyses were conducted between the cortisol and STAI-State ratings from times 1 to 3, as well as neuropsychological performance data.
Results

Debriefing Questionnaire
There were no significant differences in debriefing questionnaire (scale of 1 -10) belief ratings of study purpose (e.g., 10 "very much believe") between the control (mean ¼ 7.26, SD ¼ 2.01) and experimental (mean ¼ 6.97, SD ¼ 1.87) conditions,
Cortisol Measurements
Using repeated-measures ANOVA, with the three cortisol measurements as the dependent variable (DV), there were no differences between groups, F(1, 47) ¼ 0. Fig. 1 ).
State Anxiety Self-Report Measures
Repeated-measures ANOVA, with STAI-State as the DV, revealed that sphericity was not violated. There was no main effect of self-report anxiety across gatherings between groups, F(1, 56) ¼ 1.85, p ¼ .18, h 2 ¼ .032. There was an STAI-State × condition interaction within subjects, F(2, 112) ¼ 3.22, p , .05, h 2 ¼ 0.054, with the experimental group showing larger increases in anxiety over time. Post hoc analyses revealed the experimental condition endorsed significantly higher self-report anxiety at time 2 compared with controls (Table 2 and Fig. 2), F(1, 56) 
Self-Report Anxiety and Cortisol Correlations
Pearson's correlations revealed strong positive associations within the three STAI-State and STAI-Trait measurements, reflecting method variance (Table 3) . Cortisol was not related to state or trait anxiety across time. Correlation analyses within separate conditions were similar to Table 3 . (Table 4) . On the CVLT-2, compared with the control group, the experimental group freely recalled significantly fewer words over the five trials of word list repetition, F(1, 56) ¼ 4.64, p , .05, h 2 ¼ 0.077, a measure of memory encoding. Compared with controls, the experimental condition performed significantly worse during the long-delay free recall of the repeated word list, F(1, 56) ¼ 5.40, p , .05, h 2 ¼ 0.088, a measure of memory retrieval, and long-delay free recall was 
Neuropsychological Performance and Cortisol Correlations
As shown through Pearson's correlation, higher baseline cortisol was associated with a steeper learning slope over CVLT-2 trials 1 -5 (r ¼ .38, p , .01; Table 5 ). Time 1 baseline cortisol correlated positively with word reading trial 2 on the D-KEFS Color-Word Interference test (r ¼ .29, p , .05).
Neuropsychological Performance and Self-Report Anxiety Correlations
Data from experimental and control groups were combined to explore the overall relationship between anxiety and cognitive measures. Pearson's correlations were generally consistent with the findings of the between-group comparisons, with regard to the sensitivity of neuropsychological measures to anxiety. Time 2 and 3 STAI-State ratings were negatively related to the Letter-Number Sequencing test performance (Table 6 ). Time 1 and 2 STAI-State were negatively related to CVLT-2 short-delay free call. Higher self-report anxiety at time 2 related to the slower rate of learning on the CVLT-2, over the course of trials 1 through 5. Time 3 STAI-State was negatively related to the D-KEFS Color-Word Interference Color Naming.
Discussion
Research has demonstrated that elevated cortisol reactivity and state anxiety may have inverse associations with declarative memory and working memory performance, corresponding to brain regions containing increased glucocorticoid receptors. However, there have been limited investigations evaluating the utility of physiological and subjective measures of state anxiety in a single study targeting neuropsychological performance. The current study employed a stress induction procedure intended to simulate test anxiety in a clinical setting. The induction was effective, as there was an interaction in which the experimental group reported higher levels of anxiety during test administration than the control group. However, contrary to predictions, there were no differences between groups in cortisol over time. Thus, based on self-report, the stress instructions successfully elevated perceptions of anxiety, which leveled off toward the later portion of the battery. This finding appears to be specific to the experimental group, as the control group did not demonstrate similar changes across repeated measurements. There were no associations between cortisol and self-report anxiety, which adds to the literature demonstrating a lack of correspondence between subjective anxiety and physiological measures (Vedhara et al., 2003) . Consistent with the literature (Kirschbaum et al., 1996; Lee et al., 2007; Lupien et al., , 1999 McCormick et al., 2007) , the experimental group performed significantly worse than controls on measures of working memory (i.e., Letter-Number Sequencing, PASAT trials 3 and 4), as well as learning and memory (i.e., CVLT-2). In terms of memory performance, compared with controls, the experimental group had poorer memory encoding (trials 1 -5 total), retrieval (long-delay free recall, short-and long-delay cued recall), and retention (long-vs. short-delay free recall). There were no group differences on control measures, such as the visuospatial rotation task. Although specific underlying mechanisms are unclear, researchers have proposed that negative self-talk can interfere with attentional control, depleting resources for working memory (Eysenck & Derakshan, 2011; Eysenck et al., 2007) . Thus, when given explicit information that their behavior was being observed, individuals in the experimental group may have been more likely to experience more extensive self-talk that impacted performance. In sum, although the small battery limits generalizability to cognitive domains, it appears that anxiety may be an important factor to consider when interpreting test findings in a neuropsychological context. Therefore, it is important to employ valid and reliable measures for capturing anxiety during assessments.
A further finding, somewhat inconsistent with hypotheses, was that baseline cortisol elevations were related to a steeper learning slope during the CVLT-2. Individuals who were more invested in the task or more concerned about their performance from the outset may have presented with higher baseline cortisol levels. Albeit uncommon, cortisol elevations have been shown to at times enhance declarative memory (Domes et al., 2002; Zorawski, Cook, Kuhn, & LaBar, 2005) and memory formation (Shors, Weiss, & Thompson, 1992) . Andreano and Cahill (2006) demonstrated a U-shaped relationship between cortisol activity and memory. Nonetheless, other non-physiological mechanisms (e.g., hyper-self-awareness, negative self-talk) could have contributed to performance decrements.
The correlations between self-report anxiety and cognitive performance were consistent with hypotheses and differences seen between the experimental and control groups. Self-report anxiety was negatively associated with Letter-Number Sequencing at times 2 and 3, short-delay memory free recall at times 1 and 2, and CVLT-2 trials 1-5 learning slope at time 2. The negative relationship between time 3 STAI-State and Color-Word Interference color naming trial 1 was not predicted. Although unlikely, this lower order attentional process may have been impacted by stress. Additionally, the facilitative relationship between STAI-State time 1 and memory retention (long-vs. short-delay free recall) was unexpected. Those with higher baseline state anxiety may have been more motivated, although a greater number of positive relationships would have been expected if this were the case. Findings support that the STAI-State may be a useful measure of anxiety during neuropsychological assessments, although interpretations with cognition should be viewed cautiously.
There were several limitations to the current study. The generalizability of results is limited demographically, as only men were included in the study and the sample was primarily Caucasian. Repeated diurnal cortisol measurements could have also provided more information regarding individual variability in reactivity. Three cortisol and STAI-State measures were gathered during the experiment rather than prior to administration of each measure, making interpretation challenging between cortisol, anxiety with individual test scores, and anxiety measures. Studies may wish to analyze cortisol reactivity during each of the memory phases to better understand the possible facilitative effects. Future research should also take into account the equivocal relationship between physiological and subjective anxiety, especially since cortisol can at times have deleterious or at other times facilitative associations with cognition. In terms of applied recommendations, administering self-report anxiety measures as testing time unfolds may be more useful than completion prior to the battery.
These findings continue to reflect the complicated relationship between cortisol, self-report anxiety, and neuropsychological performance. Elucidating these relationships would have important implications in an applied neuropsychological setting, as threat of evaluation and anxiety are important factors to consider when interpreting test data. State anxiety could potentially have a negative impact on cognitive performance, and self-report measures may have utility in disentangling the effects of anxiety on neuropsychological test performance.
